Introduction. Antiviral therapy for recurrent hepatitis C in liver transplant recipients has been associated with low efficacy, poor tolerability, and drug-drug interactions. Recent approval of various hepatitis C direct-acting antivirals has resulted in improvement of these parameters. We evaluated the efficacy and safety of 12 week all-oral interferon-and ribavirin-free therapy with sofosbuvir and simeprevir. Methods. Thirty-two genotype 1 liver transplant recipients with recurrent hepatitis C infection were retrospectively analyzed. All patients received 12 weeks of sofosbuvir 400 mg and simeprevir 150 mg orally daily. The primary endpoint was sustained virologic response 12 weeks after treatment. Results. Sustained virologic response 12 weeks after treatment was achieved in 30 of 32 (94%; 95% confidence interval, 79-99%) patients. All patients enjoyed on-treatment virological response. Both patients who relapsed were cirrhotic, previously treated with Q80K polymorphism. Significant improvements in alkaline phosphatase, albumin, alanine aminotransferase levels, and platelets were seen at 12-week post therapy. Treatment was well tolerated. No grade 3 or 4 adverse events were noted. Headache and fatigue were the most common complaints. Conclusion. Combination of sofosbuvir and simeprevir for 12 weeks resulted in 94% sustained virological response-12 rates in patients with hepatitis C genotype 1 and was well tolerated.
Introduction. Antiviral therapy for recurrent hepatitis C in liver transplant recipients has been associated with low efficacy, poor tolerability, and drug-drug interactions. Recent approval of various hepatitis C direct-acting antivirals has resulted in improvement of these parameters. We evaluated the efficacy and safety of 12 week all-oral interferon-and ribavirin-free therapy with sofosbuvir and simeprevir. Methods. Thirty-two genotype 1 liver transplant recipients with recurrent hepatitis C infection were retrospectively analyzed. All patients received 12 weeks of sofosbuvir 400 mg and simeprevir 150 mg orally daily. The primary endpoint was sustained virologic response 12 weeks after treatment. Results. Sustained virologic response 12 weeks after treatment was achieved in 30 of 32 (94%; 95% confidence interval, 79-99%) patients. All patients enjoyed on-treatment virological response. Both patients who relapsed were cirrhotic, previously treated with Q80K polymorphism. Significant improvements in alkaline phosphatase, albumin, alanine aminotransferase levels, and platelets were seen at 12-week post therapy. Treatment was well tolerated. No grade 3 or 4 adverse events were noted. Headache and fatigue were the most common complaints. Conclusion. Combination of sofosbuvir and simeprevir for 12 weeks resulted in 94% sustained virological response-12 rates in patients with hepatitis C genotype 1 and was well tolerated. C hronic hepatitis C infection (CHC) is the leading cause for orthotopic liver transplantation (OLT) in the United States. 1 Recurrence of CHC is almost universal among patients who are viremic at the time of OLT. Cirrhosis of the liver allograft develops in 30% of patients within 5 years after OLT 2 and is the leading cause of graft loss among OLT patients with CHC. The rate of liver decompensation among cirrhotic patients with recurrent CHC after liver transplant is more rapid, and survival is shortened compared with immunocompetent CHC patients. 3 However, eradication of hepatitis C virus (HCV) after liver transplant improves allograft and patient survivals. 3, 4 Previously, antiviral therapy in posttransplant setting with interferon or pegylated-interferon (Peg-IFN) and ribavirin was challenging, including low rates of sustained virological response (SVR), poor tolerability, and high rates of treatment discontinuation due to adverse events. 5 Addition of protease inhibitors, boceprevir or telaprevir, resulted in improved SVR rates. However, poor tolerability, drug-drug interaction with tacrolimus and cyclosporine, as well as high rates of adverse events (including deaths) limited the use of these agents in the posttransplant setting. [6] [7] [8] [9] Sofosbuvir is a potent pan-genotypic inhibitor of the HCV NS5B polymerase inhibitor which is administered once daily. A multicenter study recently reported sofosbuvir and ribavirin combination therapy for 24 weeks in patients with compensated recurrent CHC after OLT with 70% of patients achieving SVR. Adverse events were uncommon but anemia was reported in 20% of patients. 10 Simeprevir is a once daily HCV NS3/4A protease inhibitor which was first approved for use in combination with Peg-IFN and ribavirin to treat genotype 1 CHC patients. [11] [12] [13] The combination of simeprevir and sofosbuvir, with or without ribavirin administered for 12 or 24 weeks, has been shown to be efficacious and well tolerated in immunocompetent CHC genotype 1 patients. 14 The SVR12 was observed in 92% to 94% of patients, even in those with characteristics historically associated with low treatment success. 14 The SVR rates were similar irrespective of duration of treatment or coadministration of ribavirin. As a result of these findings, the vast majority of prescriptions for simeprevir are written for the simeprevir/sofosbuvir combination 15 and the U.S. Food and Drug Administration approved this regimen for use in immunocompetent CHC genotype 1 patients in November 2014. 16 Based on the promising results of combination simeprevir/ sofosbuvir therapy in immunocompetent CHC patients, we conducted this retrospective study to evaluate the efficacy and safety of a 12-week course of combination oral simeprevir and sofosbuvir in liver transplant recipients with recurrent genotype 1, hepatitis C infection.
MATERIALS AND METHODS

Patients
This is a retrospective analysis of 35 consecutive adult liver transplant recipients with recurrent genotype 1, HCV infection who were treated with combination simeprevir and sofosbuvir at Keck Hospital, University of Southern California. Recurrent hepatitis C infection was defined by detectable HCV RNA in the serum and histological evidence of hepatitis in the new allograft. Before initiating antiviral therapy, patients were required to have been on a stable immunosuppression regimen without acute cellular rejection and without any changes to the dosage of immunosuppression in the preceding 6 months. Patients whose glomerular filtration rate was less than 35 mL/minute were not eligible to receive treatment. Patients with decompensated cirrhosis (Child-Pugh score ≥ 8) were excluded. This study was approved by the institutional review board of the University of Southern California.
Three patients met exclusion criteria, 2 as a result of episodes of acute cellular rejection within 6 months and 1 due to decompensated liver cirrhosis. Thirty-two patients had received sofosbuvir 400 mg and simeprevir 150 mg orally daily for 12 weeks. No ribavirin was used. During treatment, patients were examined, and blood work (comprehensive metabolic panel, hematologic panel, immunosuppression level, and HCV RNA level) was obtained at weeks 4, 8, and 12 during therapy and 12 weeks after discontinuation of treatment (SVR12). The HCV RNA NS3 gene sequence analysis was initially performed in genotype 1a patients to assess for the Q80K polymorphism because efficacy of simeprevir given in conjunction with peg-interferon and ribavirin diminishes with this preexisting polymorphism. [11] [12] [13] However, this practice was discontinued after it was shown that Q80K may not be relevant in patients receiving simeprevir and sofosbuvir. 14 
Efficacy and Safety Assessment
Primary endpoint was the proportion of patients achieving undetectable HCV RNA in serum, 12 weeks after completing therapy. Serum HCV RNA was analyzed by using the Roche Cobas Ampliprep/TaqMan version 2.0 real-time polymerase chase reaction system (Roche Molecular Systems, Inc., Branchburg, NJ). The lower limit of quantification was 15 IU/ml. Safety data were collected during treatment and at each visit. These data were graded in severity from 1 to 4. Grades 1 and 2 adverse events included mild to moderate symptoms with local or noninvasive intervention. Grades 3 and 4 adverse events were considered severe; or medically significant ranging from hospitalizations to life-threatening conditions. 17 Patients were advised to avoid excessive sun exposure due to photosensitivity effects of simeprevir. All data, including unscheduled clinic visits, hospitalizations, changes in physical examination, and laboratory parameters, were recorded.
Statistical Analysis
Baseline characteristics, laboratory values, and adverse events were described with frequencies (percentages) or medians (range). Laboratory values were compared by treatment status (pretreatment, end of therapy, 12 weeks after therapy). The Wilcoxon signed rank test was used to compare differences for statistical significance, as appropriate. Analyses were performed using R 3.1.2 (R Development Core Team, Vienna, Austria).
RESULTS
Patient Demographics
Thirty-two consecutive liver transplant recipients with genotype 1 recurrent hepatitis C infection were initiated on combination simeprevir and sofosbuvir therapy between April and August 2014. Baseline demographic and clinical characteristics are shown in Table 1 . Most patients were men and of Hispanic ethnicity. Median time since OLT was 48 months. Fifty-six percent of patients had previous therapy with pegylated interferon and ribavirin of which 22% were post-OLT treatment failures. None of the patients had been treated with either boceprevir or telaprevir previously. Sixty-nine percent of patients were infected with genotype 1a and median HCV RNA at treatment initiation was 6.58 log 10 IU/mL. METAVIR fibrosis score F3/4 was present in 7 (22%) patients.
Treatment Efficacy
The SVR12 was achieved in 30 of 32 (94%; 95% confidence interval, 79-99%) patients. The HCV RNA became undetectable in 26 of 32 (81%) patients at week 4 (rapid virological response) and in all patients by end of therapy. There were no on-treatment virological failures or breakthroughs. Four of 6 patients with detectable HCV RNA at week 4 achieved SVR12. Among patients with F3-F4 fibrosis level, SVR12 was 75%. The effect of SVR12 on individual liver tests is shown in Figure 1 . Improvements were seen in alkaline phosphatase, albumin, alanine aminotransferase levels, and platelet counts for both groups of patients. The HCV RNA NS3 gene sequence analysis was performed in 17 of 22 (77%) genotype 1a patients. Q80K polymorphism at baseline was detected in 14 of 17 (82%) genotype 1a patients that were tested.
Two patients relapsed 1-month after discontinuation of therapy. Both patients (age, 57 and 61 years) had compensated cirrhosis, previously unsuccessfully treated after OLT, who were infected with genotype 1a with the Q80K mutation. Unlike the patients who responded, aminotransferases remained abnormal while on therapy and rebounded to higher levels after virological relapse in both patients. Alanine aminotransferase values ranged from 40 to 70 IU/L during therapy and were noted to be 129 and 124 IU/L at SVR12.
Safety
All patients completed 12 weeks of therapy without interruption. There were no grade 3 or 4 adverse events. Grade 1 and 2 adverse events were reported by 47% of patients (Table 2) . Headaches (25%) and fatigue (22%) were the more common side effects. Mild skin rash were reported by 6% of patients. These did not require any therapy. Median bilirubin levels at baseline and at 4 weeks remained the same. Transient rise in serum bilirubin level (1.6 mg/dL increase) was observed in 3 patients during the first month of therapy that returned to baseline levels subsequently. No changes in a A serious adverse event was defined as one that resulted in hospitalization or prolongation of hospitalization, persistent, or clinically significant disability or incapacity, or death or that was life-threatening or required medical or surgical intervention to prevent a serious outcome.
white blood cell or red blood cells were observed, and no significant change in tacrolimus or cyclosporine trough levels was noted during therapy.
DISCUSSION
The availability of several direct-acting antiviral agents without the need for interferon has dramatically altered the landscape of antiviral therapy for CHC. Experiences with these therapies are now being applied in different population of patients, including liver transplant recipients. 10, 18 Historically, eradication of hepatitis C infection in liver transplant recipients with interferon and ribavirin is associated with improved patient survival and decreased risk of clinical decompensation. 3, 4 However, SVR was achieved in only about 35% of patients treated with interferon and ribavirin and was associated with numerous side effects, including chronic rejection. [19] [20] [21] [22] Although improved SVR rates were seen with the addition of telaprevir or boceprevir, this came at a cost of serious side effects and requirement of dose adjustments of immunosuppression agents. [6] [7] [8] [9] Our study evaluated immunosuppressed patients with genotype 1, advanced fibrosis or cirrhosis, and high viral load, historically a challenging group of patients to treat. A 12-week course of simeprevir and sofosbuvir treatment for liver transplant recipients with recurrent genotype 1 HCV infection resulted in an SVR12 rate of 94%. The virological response to simeprevir and sofosbuvir was very similar to those reported in immunocompetent genotype 1 patients with chronic CHC.
14 Among our patients with F3-F4 fibrosis, SVR12 rate was 75%.
A recent multicenter study of liver transplant patients with recurrent genotype 1 hepatitis C treated with sofosbuvir and simeprevir with/without ribavirin for 12 weeks reported a SVR12 rate of 90%. 23 Twenty percent of patients used ribavirin, which resulted in more anemia than the nonribavirin group (72% vs 5%). However, the addition of ribavirin did not change SVR12 rates. Like our experience, patients with F3-F4 fibrosis in this multicenter study achieved lower SVR12 (70%). 23 The SVR12 rate among immunocompetent genotype 1 patients with cirrhosis was also lower compared to non-cirrhotic patients (86% vs 100%).
14 As a result, the FDA has approved a 24-week regimen for patients with liver cirrhosis. Extending therapy from 12 to 24 weeks for liver transplant patients with recurrent HCV who are cirrhotic may be more prudent.
Combination simeprevir and sofosbuvir represents a significant improvement of SVR12 compared to liver transplant patients treated with pegylated interferon and ribavirin (SVR12, 30%), [19] [20] [21] [22] boceprevir/telaprevir based triple therapy (SVR12, 60%) 5, 6 or sofosbuvir and ribavirin (SVR12, 70%). 10 The efficacy of the combination of ombitasvir, paritaprevir boosted by ritonavir, and dasabuvir with ribavirin for 24 weeks (CORAL-1) was also studied in 34 genotype 1 hepatitis C liver transplant recipients. 18 The SVR12 and SVR24 was seen in 33 (97%) patients although only patients with no or mild fibrosis were studied.
The drug-drug interactions of boceprevir or telaprevir with calcineurin inhibitors have been widely reported. [6] [7] [8] [9] As a result, the use of either of these 2 drugs after liver transplant required dose reduction of tacrolimus and cyclosporine and close monitoring of levels. This was also seen in the regimen used in the CORAL-1 trial that contained paritaprevir (NS3/ 4A protease-inhibitor) boosted by ritonavir. However, no significant drug-drug interactions were observed in this study including 2 patients that were immunosuppressed with cyclosporine both of whom achieved SVR12. The lack of effect of sofosbuvir and simeprevir on the pharmacokinetics of immunosuppressive agents is a distinct advantage with respect to tolerability and safety in the posttransplant setting.
Baseline NS3 Q80K mutation results in a 10-fold reduction in in vitro susceptibility of HCV to simeprevir, 24 and reduced efficacy of simeprevir when used with Peg-IFN and ribavirin. [11] [12] [13] Interestingly, both patients in our study who relapsed had Q80K polymorphism. However, the presence of Q80K polymorphism did not decrease the efficacy of simeprevir and sofosbuvir in immunocompetent CHC patients.
14 Baseline NS5B resistance-associated variants have been implicated in certain treatment failures treated with sofosbuvir-based regimens. 10, 25 We did not measure these resistance-associated variants in our study, which may have also played a role in the 2 patients who relapsed. It should be noted that, these 2 patients had many of the other characteristics associated with unfavorable treatment response, including the presence of cirrhosis, previous treatment failure and age older than 45 years. Given our small sample size, we cannot determine the specific variables associated with treatment failure.
We recognize the limitations to this study. Although retrospective in nature, we followed a strict protocol for follow-up and monitoring of laboratory studies. Patients were from a single center, but the characteristics of our patients were representative of liver transplant recipients, including 22% of patients with F3/F4 fibrosis. The sample size was small but comparable to the recently published studies of interferonfree direct-acting antiviral agents in the treatment of recurrent HCV in liver transplant recipients. 10, 18 In summary, treatment with a 12 week course of all-oral regimen of sofosbuvir and simeprevir in recurrent genotype 1 hepatitis C liver transplant recipients resulted in 94% response. Treatment was well tolerated and did not require dose adjustment of tacrolimus or cyclosporine. Our study is part of a growing number of publications reporting on efficacy of sofosbuvir and simeprevir in posttransplant setting. 26, 27 Although larger studies are needed to confirm these findings, this regimen should be considered in the growing armamentarium of all-oral therapy for recurrent genotype 1 hepatitis C infection after liver transplantation.
